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U.S. Army personnel face the potential threat of operating
under the stressful environment of a chemically-contaminated
battlefield. Not only will the stresses of battle impinge upon
their performance, the use of chemical defense antidote and
pretreatment therapies likely will interact with such stresses.
Since the effects of stress-inducing variables on performance
frequently require timely and accurate assessment, proven
standardized testing methodologies are highly desirable.

Standardization and validation of assessment methodologies
is required to achieve the goal of maintaining a body of results
which is consistent from laboratory to laboratory and from drug
to drug. As a means of addressing this need, the U.S. Army
Aeromedical Research Laboratory (USAARL), Fort Rucker, AL, has
developed a multidisciplinary performance assessment strategy
which includes the collection of electrophysiological and
cognitive measures on aviators in conjunction with measures of
simurlated flight performance. All of these measures show promise
for use in assessing 'and predicting decrements in military
aviator performance which result from chemical defense antidote
and pretreatment drugs. While development of this methodology is
ongoing, an evaluation program was implemented.

i
In order to assess the sensitivity and stability of our

performance assessment methodology, we proposed a comparison of
diphenhydramine (an antihistamine with known sedative effects) to
terfenadine (an antihistamine which acts without sedative
effects). Results of this investigation also provided
information to flight surgeons about the performance effects of
terfenadine and diphenhydramine on the performance of U.S. Army
aviators. Once the sensitivity and stability of this assessment
strategy were established, it could be used to evaluate the
effects of drugs for which military doctrine would suggest
possible future use.

HI-receptor antagonists-(antihistamines)

The H,-receptor antagonists, often referred to as the
antihistamines, were introduced into clinical practice over 40
years ago, and since then they have been used extensively in
allergic conditions. In addition to their H,-antagonist
properties, these agents frequently have antagonist actions at
other receptors. In particular, a number have anticholinergic
properties and are used clinically to treat such conditions as
motion sickness and vertigo.

5



Most antihistamines have similar pharmacological actions and
therapeutic applications and are usually associated with impaired
central nervous system (CNS) function as indicated by drowsiness
and altered psychomotor performance. Therefore, the use of
antihistamines by aircrews has, heretofore, been limited because
of their sedative side effects. All the classical antihistamines
readily cross the blood-brain barrier and enter the CNS and are
usually associated with CNS-related side effects. Central
depression usually accompanies therapeutic doses of these drugs,
and the potential for a variety of effects exists as a sequel to
their use. Primary among these are sedative effects indicated by
drowsiness, lassitude, and fatigue. Not all individuals suffer
such effects to the-same degree; however, all the classical
antihistamines are capable of producing these effects, and claims
of nonsedation made for some of these drugs have proved
unwarranted. Stimulation of the CNS can also occur and is
occasionally encountered in individuals given conventional doses
of classical antihistamines, resulting in restlessness,
nervousness, and inability to sleep. In some situations,
sedation and other CNS depressant effects may be clinically
useful. However, in many instances, these effects interfere with
an individual's ability to perform normal activities.

Pharmacology

Antihistamines (Hi-receptor antagonists) competitively
inhibit most of the pharmacologic actions of histamine.
Histamine produces its effects through actions at two types of
receptors, the H - and the H2-receptors. Depending on the
receptors with which they interact, antagonists of histamine are
currently classified as H,- or H2-antagonists (or blockers). The
term antihistamine has historically been used to describe drugs
that act as H,-receptor antagonists. Although drugs that
antagonize H2-receptors are available, these drugs generally are
not referred to as antihistamines, but rather as H2-receptor
antagonists.

Antihistamines appear to act by blocking H -receptor sites,
thereby preventing the action of histamine on the cell. They do
not chemically inactivate or physiologically antagonize
histamine, nor do they prevent the release of histamine. Their
characteristic pharmacological activity is largely predictable
from knowing the responses that involve interaction of histamine
with HI-receptors. All of the available antagonists are
reversible, competitive inhibitors of the actions of histamine.
In addition, a number of these drugs have anticholinergic
properties and tend to inhibit responses to acetylcholine that
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are mediated by muscarinic receptors, and therefore, manifest
these anti-muscarinic or atropine-like actions during clinical
usage.

The H1-blockers can both stimulate and depress the CNS. How
the various H,-blocking drugs produce their depressant and
stimulant effects is uncertain. The drugs bind with high
affinity to H1-receptors in the brain, and the effects may
reflect antagonism of this binding action. Other, perhaps
unrelated, central actions include the ability of certain H,-
blockers to counter motion sickness and vertigo.

The drowsiness associated with the use of antihistamines has
been attributed to various mechanisms such-as the inhibition of
histamine-N-methyltransferase and the blockade of central
histaminergic receptors. Other mechanisms, including
serotonergic antagonism, anticholinergic activity, and blockade
of central a-adrenoceptors, may also be factors. Although these
various mechanisms have been proposed, it appears that sedative
effects are dependent on the ability of a particular drug to
cross the blood-brain barrier and gain access to the CNS. A
common property of many antihistamines is the ease with which
they cross the blood-brain barrier. In contrast, terfenadine
crosses the blood-brain barrier with great difficulty and appears
to be associated with little, if any, impaired CNS function.

Diphenhydramine and terfenadine

Diphenhydramine hydrochloride is an antihistamine with
anticholinergic and sedative effects. A single oral dose is
quickly absorbed with maximum activity occurring in approximately
1 hour. The duration of activity following an average dose (25
to 50 mg) is from 4 to 6 hours. It is widely distributed
throughout the body, including the CNS. Little, 'if any, is
excreted unchanged in the urine; most appears as the degradation
products of metabolic transfcrmation in the liver which are
almost completely excreted within 24 hours.

Distribution of diphenhydramine hydrochloride has not been
fully characterized, but it apparently undergoes first-pass

* metabolism in the liver and only about 40-50 percent of the oral
dose reaches systemic ciecculation as unchanged diphenhydramine.
Carruthers et al. (1978) reported that the terminal half-life for

-* diphenhydramine ranged from 2.4 to 3.9 hours in their sample.
The drug is approximately 82 percent bound to plasma proteins in
vitro. Plasma concentrations appear to decline in a munophasic
manner, although some pharmacokinetics data suggest a polyphasic
elimination (Carruthers et al., 1978). Diphenhydramine is
considered characteristic of the antihistamines with peripheral
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and sedative effects. Therefore, it was chosen as a classic
active control that could be expected to yield the behavioral
decrements needed for validity assessment.

Unacceptable decrements in performance may not be an
inevitable sequel of antihistamine use. Terfenadine, unlike
other currently available antihistamines, does not appear to
appreciably distribute into the CNS at usual dosages. The
introduction of terfenadine as a new selective H,-receptor
antagonist has aroused considerable interest because of its
reported freedom from sedative side effects. Terfenadine is
chemically and pharmacologically distinct from other
antihistamines because it appears to be a peripherally specific
histamine H1-receptor antagonist. Terfenadine possesses no
anticholinergic, antiserotonergic, antiadrenergic, nor anti-
,•-histaminic properties and has been demonstrated to be free of
CIS side effects in pharmacological, toxicological, and clinical
studies.

Animal studies (Cheng et al., 1977; Cheng and Woodward,
1982a; 1982b) have demonstrated it to be a peripherally specific
histamine H1-receptor antagonist with no observed sedative or
anticholinergic effects at effective antihistaminic doses.
Studies indicate that at such doses neither terfenadine nor its
metabolites penetrate the blood-brain barrier well (Rose et al.,
1982; Wiech and Martin, 1982).

An oral dose is well absorbed from the gastrointestinal
tract and is rapidly and extensively biotransformed. Following
administration of a single 60 mg tablet, detectable plasma levels
were observed within 0.5 hour. Plasma levels peaked at about 2
hours after administration. A distribution half-life of 3.4
hours was followed by an elimination half-life of 20.25 hours.
The effective half-life has been estimated to be 12 hours.
Terfenadine is extensively (97 percent) bound to human serum
protein. Elimination studies showed that fecal excretion
accounted for 60 percent of the dose while 40 percent of the dose
was eliminated via the urine (Merrell Dow Pharmaceuticals, Inc.,
1988).

Electrophysiological measures

It has been recognized that the sedative properties of
antihistamines influence the human electroencephalogram (EEG),
"and much work has been done on the EEG correlates of fluctuations
in wakefulness as well as drug-induced EEG changes (FinK and
Irwin, 1979; Goldstein, Murphree, and Pfeiffer, 1968; Vollmer et
al., 1983). Under resting conditions it has been found that
alpha activity (8.0 to 12.5 Hz) is generally increased while slow



activity (delta, 0.5 to 4.5 Hz and theta, 4.5 to 8.0 Hz) is
generally decreased. In contrast, sedation is generally
characterized by a slowing and a decrease of alpha activity and
an increase in delta and theta activity (Vollmer et al., 1983).

A number of studies have been conducted investigating these
effects. Goldstein, Nurphree, and Pfeiffer (1968) conducted a
comparative study of EEG effects of antihistamines in normal
volunteers. Their study resulted in the classification of
distinct categories of antihistamines. EEG recordings were
obtained prior to the administration of the drug, I hour
postdrug, and every hour thereafter for a 6-hour period.
Diphenhydramine and promethazine were categorized as low-energy
sedatives wherein frequency analysis revealed an increase in the
low-frequency bands (delta and theta 1 to 6 Hz), a decrease in
the alpha band (8 to 12 Hz), and a small increase in the higher-
frequency range (beta, 18 to 36 Hz). In effect, the EEG pattern
reflected predominantly low amplitude, therefore labeled "low
energy," sedation. Another category defined during this
investigation included "high-energy" sedation (with
chlorpheniramine and phenindamine) where there were increases in
the low- and high-frequency bands but little change in the alpha
range. Their final category was "no change" (with
diphenylpyraline and azatadine) in which global energy analyses
revealed no significant departure from the control baseline.

Fink and Irwin (1979) investigated CNS effects of the
antihistamines. They found that terfenadine failed to elicit the
characteristic EEG or behavioral effects of sedative
antihistamines, and was distinguishable from diphenhydramine.
They recorded EEGs before the administration of the drug, then
hourly for the next 4 hours. In their study, terfenadine was
indistinguishable from placebo in the first 2 hours after oral
administration, and the difference was questionable thereafter.
However, diphenhydramine was distinguished from both placebo and
terfenadine because it increased EEG slow wave activity (i.e.,
delta, 1 to 5 Hz) and decreased power in the theta-alpha range (6
to 13 Hz).

Although assessments of spontaneous EEG activity have been
used to show the effects of terfenadine and diphenhydramine upon
generalized activation levels (Fink and Irwin, 1979; 1981),
apparnntly no one has examined the effects of these drugs on
cortical evoked responses. Given the performance effects of
diphenhydramine and the reliance upon CNS depression as an
explanatory mechanism, the inclusion of evoked response tests
provides useful information for explaining significant findings.

More specifically, the inclusion of P300 tasks (in addition
to spontaneous EEGs) offers insight into drug-induced performance
problems resulting from stimulus evaluation difficulties or
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.Central processing decrements. In either case, a drug which
impairs the input or the processing of information will no doubt
affect performance if the information is task relevant and the
increased response time from input to output is significant.

The evoked responses obtained from a task in which subjects
are required to attend to the occurrence of an infrequently
presented stimulus consist of several components which offer
information of interest. The earliest of these components
(occurring within 250 ms of stimulus presentation) are generally
considered to be influenced by the physical parameters of the
stimulus (Pritchard, 1981). Therefore, any factor which either
changes the stimulus properties directly (altering the actual
stimulus) or indirectly (altering the subject's perception of the
stimulus) will influence some dimension (amplitude, latency, or
both) of at least one of the early components of the evoked
response.

The late components of the response fall into a different
category. Specifically, the P300 wave (a positive-going
component occurring from approximately 250 to 450 ms) is thought
to be largely dissociated from the physical parameters of the
eliciting stimulus (Sutton et al., 1965). Rather, the wave is
thought to index decision-related processes (Brandeis and
Lehmann, 1986). The actual relationship among input parameters,
processing demands, and evoked response components is, however,
not as simple as it may at first appear. There are studies which
suggest an independence of P300 from "stimulus input" changes
(Towle, Sutcliffe, and Sokol, 1985; Sokol, 1986), and those which
indicate a more complex situation (Fagan, Westgate, and Yolton,
1986; Papanicolaou et al., 1985). Yet, it can be said that P300
provides an indication of the amount of cognitive processing
required to successfully evaluate task-relevant events under a
variety of conditions, regardless of the precise mechanisms
involved.

Taken together with more generalized assessments of global
CNS activation (spontaneous EEG) and tests of cognitive
performance, evoked response data served as a useful adjunct to
substantiating the degrading or enhancing effects of a
pharmacological substance. Furthermore, to eliminate the
possibility of modality-specific effects on sensory mechanisms
confounding the interpretation of performance or
electrophysiological effects of diphenhydramine and terfenadine,
P300s were obtained via both visual and auditory modalities.
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Driving performance

While few studies have investigated the effects of
antihistamines on flight performance (Neves-Pinto, Lima, and
Teixeira, 1989), several investigators have examined
antihistamines' effects on driving performance. Betts et al.
(1984) reported on the driving performance of experienced women
drivers after ingestion of the centrally-active antihistamine,
triprolidine, and terfenadine. They found triprolidine greatly
impaired driving behavior, whereas terfenadine did not.

O'Hanlon (1988) discussed the development of an instrumented
automobile which provides data on the amount of weaving a subject
exhibits while performing an actual driving task on a 100 km
highway circuit. He and his co-workers developed a dependent
measure called the "weaving index" which is basically an RMS
error score of the subject's ability to maintain the vehicle
within the lane boundaries. O'Hanlon and others (Riedel,
Schoenmakers, and O'Hanlon, 1987 cited in O'Hanlon, 1988) then
used this measure to assess the effects of terfenadine (60 mg),
loratadine (10 mg), and triprolidine (10 mg) on actual driving
performance. Terfenadine and loratadine had no effect on the
weaving index, while triprolidine produced impairment of driving
ability equivalent to that observed in previous research with
blood alcohol concentrations of 0.05 percent (Louwerens et al.,
1987 cited in O'Hanlon, 1988).

Subjects

Twelve male, volunteer U.S, Army aviators, qualified as UH-
60 pilots, were used as participants. They were between the ages
of 23 and 46 (mean of 32.4), and possessed normal or correct-to-
normal vision. Subjects completed a thorough physical
examination, including questions pertaining to their history of
caffeine and alcohol consumption, prior to acceptance in the
study.

Subjects were required to refrain from the use of alcoholic
and caffeinated beverages and any other medications for the
duration of the study, and urine was collected once each morning
for a caffeine assay. Saliva litmus tests were used for alcohol
screening.
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Apparatus

Fliaht performance

Flight performance assessments were conducted using the
USAARL UH-60 flight simulator system which includes an
operational crew station, computer-generated visual display, six-
degree motion system, specially constructed environmental
conditioning equipment, and a complete data acquisition system.
The visual display and motion system presented a standard,
daytime flight environment. The environmental conditioning
system was used to maintain a constant cockpit temperature of 72
degrees F and a constant cockpit humidity of 70 percent.

Flight data were acquired on a VAX 11/780 interfaced to a
Perkin-Elmer digital computer which controlled the UH-60 flight
aimulator. This system is capable of monitoring any aspect of
simulator control, from heading, air speed, and altitude, to
Doppler readouts, switch positions, or operator console inputs.
For the purposes of this investigation, only 13 channels of data
were monitored continuously, and these are listed in Table 1,
Appendix A.

The acquired data points were stored on the VAX 11/780 until
the conclusion of the study, and then were transferred to the
main USAARL computer, a VAX 11/785. Once data were available for
all 12 subjects, flight performance scores including root mean
square (RMS) errors were derived using specialized software
routines developed in the Laboratory (Jones and Higdon, 1991).

-- Electroencphaloaraphy

A Cadwell Spectrum 32 brain mapper was used to collect and
analyze the electrophysiological data. Evoked potential
protocols included both auditory and visual P300 tasks. EEG data
were collected on 21 monopolar (mastoid referenced) leads and
analyzed with regard to measures of absolute and power among
delta, theta, alpha, and beta bands. Also, an indication of the
symmetry of activity and the phase coherence among a variety of
channels was calculated, Evoked potential data were scored with
regard to measures of latency (ms) and amplitude (microvolts) of
the N75, P100, N145, and P300 componentS. The stored analyses of
both EEG and evoked response data were transferred to the VAX for
statistical analyses.
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